SUMMARY The physiology, pharmacokinetics and efficacy of atenolol, a cardioselective,-adrenergic blocking agent, were evaluated in 10 patients with stable angina pectoris in a single-blind, dose-ranging study. After a 1-month control placebo period, atenolol was administered once daily at dosages of 25, 50, 100 and 200 mg for 2-week periods. All patients had fewer anginal attacks and consumed fewer nitroglycerin tablets than during the placebo period. Twenty-four-hour ambulatory ECG recordings showed a decrease in mean hourly heart rate throughout the dosing period, with preservation of diurnal variation. Maximal, symptom-limited, treadmill exercise tests performed 3 hours after drug ingestion showed significantly increased exercise time and decreased double products for all doses, but especially with 100-mg and 200-mg doses. Exercise time 24 hours after drug ingestion continued to show a decrease in maximum heart rate and double product, with 100-mg and 200-mg doses again being most effective. Atenolol serum levels correlated with percent reduction in exercise heart rate and increased exercise time. Serum levels rose linearly, with an average elimination half-life of about 10 hours after chronic oral dosing. Thus, atenolol was an effective antianginal agent and suppressed resting and exercise-stressed heart rate for 24 hours after ingestion when given in a 100-mg or 200-mg dose once daily.
THE BENEFICIAL EFFECTS of ,B-adrenergic blockade in the treatment of angina pectoris is well established.1' 2 The most widely used agent is propranolol. Since propranolol was introduced, various /3-adrenergic blocking agents with differing properties have been developed in an attempt to avoid the side effects of generalized A3 blockade. Atenolol, a cardioselective /3 blocker, is one of these newer agents. Because of initial favorable clinical reports in Europe,3-5 we undertook a dose-ranging and antianginal efficacy study of atenolol in patients with stable, exercise-induced angina.
Materials and Methods

Patients
Ten patients, seven men and three women, with a mean age of 55 years (range 35-67 years) participated in the study. Each patient gave written consent after being informed of the details and objectives of the study, and the protocol was approved by the Stanford Medical Committee on the Use of Human Subjects in Research. All had had clinically stable exerciseinduced angina for 3 or more months. No patient had valvular heart disease, cardiac failure, obstructive airways disease, hypertension (resting diastolic pressure > 100 mm Hg), diabetes, or thyroid or renal disease.
A single-blind protocol was used because of the risks reported with sudden withdrawal off/ blockade.6
All drug preparations (including placebo) were given as two identical tablets once daily at 8 a.m. Nitroglycerin was used for pain, but not for prophylaxis, throughout the trial. Placebo was given for the first 4 weeks of the 12-week protocol, which served as an initial control period. In subsequent 2-week periods, patients received 25 mg, 50 mg, 100 mg and 200 mg of atenolol daily. Drug compliance was checked by tablet count and measurement of serum drug levels.
Antianginal Assessment
The patients kept a daily record of anginal attacks and nitroglycerin consumption. These records were reviewed by the investigators every 2 weeks, and side effects were noted. At each visit, supine and standing heart rates were determined from ECG recordings and blood pressures were measured using a standard sphygmomanometer. Only the data of the last week of each 2-week period were used for comparisons to avoid carry-over effects. Abbreviations: SBP = systolic blood pressure; DBP = diastolic blood pressure; double product = exercise heart rate times systolic blood pressure divided by 100. mg and 200-mg doses, with no significant difference between the two. The maximal exercise double product (heart rate times systolic blood pressure) at the occurrence of chest pain was significantly reduced at peak and trough testing by all atenolol doses (p < 0.001), but the 100-mg and 200-mg doses were significantly more effective than the 25-mg or 50-mg doses (p < 0.001) ( fig. 3 ). The amount of exercise necessary to produce angina 3 hours after drug ingestion was increased by all atenolol doses. At 24-hours after drug ingestion, however, only 50-mg (p < 0.01), 100-mg (p < 0.005) and 200-mg doses of atenolol (p < 0.001) showed significant improvement compared with placebo ( fig. 3) The mean hourly heart rate was plotted against time for the full 24-hour period (fig. 4) . All doses suppressed heart rate compared with placebo. Atenolol 100 mg and 200 mg were the most effective 24 hours after drug ingestion (p < 0.001). The minimum and maximum heart rates are shown in table 4 . The mean maximum heart rate during the placebo period was 119 beats/min. During administration of atenolol at 25, 50, 100 and 200 mg, the maximum heart rate was 103, 94, 89 and 88 beats/min, respectively, and oc- curred at the time of treadmill exercise testing. The mean minimum heart rate for the placebo period was 55 beats/min, and occurred during sleep. During administration of 25, 50, 100 and 200 mg of atenolol, the mean minimum heart rates were 52, 52, 47 and 47 beats/min, respectively. Diurnal variation in heart rate was observed. Even with the higher atenolol doses, no heart rates less than 45 beats/min were recorded during the 24-hour period. Figure 5 is a typical R-R interval plot that shows the increase in R-R interval with increasing drug dosage and the narrowing of the range of intervals recorded during atenolol therapy.
Drug Levels
The mean peak steady-state serum atenolol concentrations were 117. 4 suggesting linear bioavailability and pharmacokinetics. The peak concentration during the 200-mg dosing protocol was as high as 2000 ng/ml in one patient. There was significant intersubject variability in peak serum concentrations, with an average coefficient of variation for all four doses of 55%.
The mean trough steady-state serum atenolol concentrations were 23.0, 51.9, 67.8 and 103.7 ng/ml after the 2-week administration of atenolol at doses of 25, 50, 100 and 200 mg, respectively ( fig. 6 ). The trough concentrations were 20.7 ± 10.6% (mean ± SD) of the peak level when all data pairs were considered. Though adequate blood samples were not obtained to permit calculation of disposition parameters, these data suggest an average elimination halflife for atenolol of about 10 hours.
Side Effects and Toxicity Studies
One patient developed mild congestive cardiac failure on 200 mg atenolol (with a peak serum drug concentration of 1000 ng/ml), but this resolved with dosage reduction and diuretic therapy. There were no changes in SGOT, Alk Phos, total bilirubin, FBS, uric acid, BUN, total protein, cholesterol, calcium, inorganic phosphate, albumin, LDH, hemoglobin, hematocrit or white blood count. Nine of the 10 patients have continued on long-term atenolol therapy with no complaints of vivid dreams, hallucinations, depression or insomnia. FIGURE 5. By plotting R-R interval against percent frequency ofoccurrence, the 24-hour heart rate control is illustrated. With increasing dosage, the plot moves to the right, indicating improved 24-hour heart rate control. Discussion Beta-adrenergic antagonists are well established in the treatment of angina pectoris. The major beneficial effect is achieved through reduction of myocardial oxygen consumption, primarily by decreasing exercise heart rate and blood pressure.'0 11 As the mechanism of action of these drugs is competitive inhibition of fl receptors, little difference in antianginal benefit of equipotent doses of individual agents would be expected once the maximum reduction of peak exercise heart rate is achieved. 10 Propranolol, one of the most widely used of the /3 blockers, has several clinical disadvantages: first, a relatively short pharmacokinetic half-life (4-6 hours), which has prompted (perhaps unnecessarily) frequent dosing intervals;12 second, nonspecific f/ blockade with potential pulmonary and peripheral vascular effects; and third, central nervous system side effects (which now constitute a compelling reason for discontinuing /-blocker therapy). '3 Atenolol, like propranolol, has a pure f antagonist action'4' 1 ' but lacks intrinsic sympathomimetic activity and membrane-stabilizing activity. ' '8'20 At least one preliminary antianginal study has shown that atenolol given twice daily is as effective as propranolol7 and that for optimal dosages, atenolol was effective once daily.3 Another antianginal study reported that atenolol was more effective than practolol.' Neither sedative effects21 nor decreased reaction times22 after atenolol administration have been reported. Although vivid dreams have been sporadically reported during atenolol therapy,23 they occur much less frequently than with propranolol. In a report of patients who had nightmares, hallucinations and insomnia on d blockers, almost all noted a reversal of these side effects after changing to atenolol. 24 The protocol was designed to establish the presence or absence of adequate A blockade throughout the 24-hour period after the oral administration of atenolol once daily. Reduction of peak exercise heart rate was evaluated through treadmill stress testing 3 and 24 hours after atenolol ingestion at the time of peak and trough serum atenolol levels. Twenty-four-hour ambulatory electrocardiographic recordings monitored the heart rates under resting conditions and normal daily activity to exclude major swings in heart rate control. To assess the antianginal efficacy of atenolol, we measured anginal attack rate, consumption of nitroglycerin and changes in exercise tolerance in each patient. By correlating serum atenolol levels with anginal relief and exercise tolerance, we hoped to define the optimum therapeutic dosing range, dosage interval and the therapeutic antianginal serum concentration range.
Our VOL 61, No 3, MARCH 1980 and nitroglycerin consumption, with 100-mg and 200-mg doses being the most effective. The results from 24-hour ambulatory electrocardiographic monitoring showed good control of heart rate throughout the 24-hour dosing period with preservation of the normal nighttime bradycardia. Atenolol significantly prolonged the duration of exercise at the time of peak serum levels and significantly reduced the peak exercise heart rate, double product and ST depression. Though all dose increments significantly reduced exercise heart rate at trough serum levels, only the 50-mg, 100-mg and 200-mg doses significantly increased exercise time when compared with placebo. In these studies, the serum concentration of atenolol related to the magnitude of the effect and can be used as a dosing guideline. We found a mean trough serum concentration of about 70 ng/ml was necessary to insure adequate therapeutic benefit throughout the 24-hour dosing interval. This level was achieved with a chronic oral dose of 100 mg once daily.
Our studies show that atenolol is a potent antianginal agent. We observed that adequate 24-hour heart rate control is possible with 50-mg, 100-mg or 200-mg doses administered once daily. When only the hemodynamic variables are considered, there is no significant difference between the 50-mg, 100-mg and 200-mg dosages. Regarding anginal relief, the 200-mg dosage was superior to the 50-mg dosage (p < 0.005), but did not significantly differ from the 100-mg dosage, although four patients subjectively benefited most from the 200-mg dosage. This report supports the initial choice of 100 mg of atenolol for antianginal benefit and increase in exercise tolerance when given once daily. If this dose is well tolerated, advancement to 200-mg/day for optimal therapeutic effect may be required, depending on the clinical response. Cardioselectivity is relative and does not imply complete cardiospecificity; therefore, caution is advised with the administration of any 3 blocker to patients with bronchospastic disorders. In addition, the atenolol dosage or the dosage interval may need to be altered in the presence of renal impairment because excretion is almost entirely via the kidneys. Nonetheless, with its reduced side effects, cardioselectivity and once-daily dosing schedule, atenolol shows promise of significant advantages over currently available 3 blockers.
